Studies on copper complexes containing ambidentate ligands : a thesis presented in partial fulfilment of the requirements for the degree of Doctor of Philosophy in Chemistry at Massey University by Brader, Mark Laurence
STUDIES ON COPPER COMPLEXES CONTAINING AMBIDENTATE LIGANDS 
A thesis presented in partial 
fulfilment of the requirements for 
the degree of Doctor of Philosophy 
in Chemistry at Massey University. 
Mark Laurence Brader 
1988 
Errata 
The corrections listed here are indicated in the text by an asterisk. 
Page 17 Preparation (1) should read: To a solution of copper(II) 
acetate monohydrate (0.40 g, 2 mmol) and 2,2'-bipyridyl (0.31 g, 2 
mmol) in water (15 mls) was added dropwise a solution of sodium 
mercaptoacetate (0.23 g, 2 mmol) in water (5mls). 
Page 18 Preparation (4) should read: To a solution of copper(II) 
acetate monohydrate (0.40 g, 2 mmol) and 2,2'-bipyridyl (0.31 g, 2 
mmol) in water (15 mls) was added dropwise a solution of 
mercaptosuccinic acid (0.30 g, 4 mmol) in water (5mls). 
Page 30 Table 3.1, F(OOO) value should read: 956 
Page 60 The complex [Cu(bipy) 2 (tu)](Cl0 4 ) 2 is reported in references 
[10] and [11] (chapter four). 
Page 91 Table 5.3, F(OOO) value should read: 932 
Page 103 Table 5.6, F(OOO) value should read: 482 
Page 136 Table 6.5, F(OOO) value should read: 1496 
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ABSTRACT 
Coordination compounds resulting from the interaction of sulphur-
and nitrogen-containing ligands with copper salts have been 
synthesised and characterised by spectroscopic, magnetic, and 
crystallographic techniques. These ligand systems are shown to 
undergo novel copper-promoted reactions in 
formed. The reaction products of a 
thiol-containing carboxylic acids with 
which new 
series of 
copper(II) 
ligands are 
aliphatic 
have been 
characterised. With mercaptoacetate, ligand desulphurisation occurs 
resulting in the formation of oxalate ions. In contrast, 2- and 
3-mercaptopropionic acids are oxidised to their respective 
disulphides (DTDIP and DTDP) which coordinate to the copper. The 
resulting copper(II)-disulphide complexes, [Curr(bipy)(DTDIP)]·3H 2 0 
and [Curr(bipy)(DTDP)]·2H 2 0, have been characterised by X-ray 
crystallography (bipy = 2,2'-bipyridyl). The latter complex 
contains no Cu-S bonding interaction. The former, in contrast to 
previously reported copper(II)-disulphide structures (which possess 
weak Cu-S coordination or none at all), displays moderately strong 
axial Cu-S bonding (Cu-S = 2.678(2) A). 
Methimazole has been shown to undergo a copper-promoted reaction 
resulting in the new ligand l,1'-dimethyl-2,2'-diimidazolylsulphide 
(dmimS) which coordinates to the copper(II) ion forming the complex 
[CuII(dmimS) 2 (H 2 0) 2 ](Cl04 ) 2 ·2H2 0. This complex has been 
characterised by X-ray crystallography. 
Phenylthiourea has been shown to undergo a copper-promoted 
desulphurisation reaction resulting in the formation of 
phenylcyanamide anipns which coordinate to the copper(II) ion. The 
copper coordination chemistry of the phenylcyanamide ligand has been 
examined, complexes with empirical formulations of [Cu(bipy)(L) 2 ], 
[Cu(phen)(L) 2 ], [Cu(pip) 2 (L) 2 ], and [Cu(py) 2 (L) 2 ] having been 
prepared and characterised (phen = 1,10-phenanthroline, pip = 
piperidine, py = pyridine). The crystal structure determinations of 
the complexes [{Cu11 (bipy)(PC) 2 } 2 ], 
[{Cu11 (phen)(m-Cl-PC)(Ac)} 2 ]·2H2 0, 
[{Cur(dppe) 1 _ 5 (p-Cl-PC)} 2 ]·2(CH3 ) 2 CO, and [{Cu1 (PPh 3 ) 2 (p-Me-PC)} 2 ] 
are reported (where PC (Ph-N-C=N)-, PPh 3 = triphenylphosphine, 
dppe = 1,2-bis(diphenylphosphino)ethane, and Ac= acetate). These 
complexes represent the first examples of copper complexes 
incorporating phenylcyanamido ligands that have been characterised 
using X-ray crystallography. These structures show that the 
phenylcyanamide moiety may coordinate to a metal in a number of 
different ways. In the 2,2'-bipyridyl complex, the phenylcyanamide 
anions exhibit two coordination modes: a monodentate ligand which 
coordinates to the copper through the cyano nitrogen, and a bridging 
ligand which coordinates to the copper atoms of the dimer via the 
cyano and amido nitrogens. The 1,10-phenanthroline complex is also 
dimeric and contains m-Cl-phenylcyanamide anions which bridge the 
two copper atoms of the dimer via the cyano nitrogen. The 
copper(I)-phosphine complexes are also dimeric. In the dppe 
complex, the p-Cl-PC ligand is monodentate to the copper and 
coordinates through the cyano nitrogen, whereas in the PPh 3 complex, 
the p-Me-PC ligand bridges the two copper atoms of the dimer via the 
cyano and amido nitrogen atoms. 
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CHAPTER ONE 
GENERAL INTRODUCTION 
The first row transition metals form a diverse range of coordination 
complexes in which octahedral, tetrahedral, and square-planar 
stereochemistries are the most common. Copper is a biologically 
important transition metal which forms complexes in oxidation states 
(+1), (+2), (+3) and (+4). Its importance in biological systems 
generally arises from its redox activity which utilises the 
interconversion between oxidation states (+1) and (+2) (and in a few 
cases +3), and the exceptional diversity of its stereochemical 
behaviour. Copper(III) 
therefore very uncommon. 
range of coordination 
The reluctance of the 
and copper(IV) 
The copper(II) 
polyhedra than 
copper(II) ion 
are easily reduced and 
ion displays a greater 
any other transition metal. 
to form complexes with 
'regular' stereochemistries is well known. Several hundred crystal 
structures of copper(II) complexes have been determined by X-ray 
crystallography in which the coordination number ranges from four to 
eight. The copper(II) ion possesses a d9 configuration which gives 
rise to electronic properties which are relatively sensitive to 
stereochemistry. The copper(II) system is thus an excellent metal 
with which to study the coordinating modes of 
and structural inferences are often based 
magnetic, esr and electronic spectral studies. 
ambidentate ligands, 
on the results of 
The copper(!) (d10 ) oxidation state gives rise to diamagnetic 
complexes which are usually colourless. Numerous copper(!) 
complexes have been characterised by X-ray crystallography, the 
predominant stereochemistry being tetrahedral. However, the 
stereochemistry of both copper(I) and copper(II) complexes is often 
highly unpredictable, even with knowledge of the stoichiometry. The 
structural chemistry presented in this thesis highlights this 
difficulty and attempts to improve our understanding of the factors 
2 
which are important in determining the stereochemistry of copper 
complexes. 
One currently emerging aspect which further distinguishes copper 
from the other transition metals is the ability of Cu 2 + ions to 
promote unusual ligand transformations which result in the formation 
of new iigating molecules. This phenomenon.is associated with the 
action of the readily interconvertible (+1) and (+2) oxidation 
states, and the characteristic oxidising and complexing effect that 
results. The behaviour of copper, particularly towards ligands 
which contain sulphur, is an aspect of copper chemistry which has 
received surprisingly little attention. This reactivity is 
undoubtedly important, and one aim of the work presented in this 
thesis was to increase our understanding in this area. 
In accordance with these aims, the initial chapters of this thesis 
describe the products encountered as a result of reactions between 
copper(II) ions and ligands containing thione or thiol sulphur 
groups. In some cases these reactions have resulted in the 
copper-promoted desulphurisation of the ligand initially present, 
producing a new ligating species. The later chapters describe the 
coordinative behaviour of one such ligand, 
and developes the associated structural 
crystallography. 
namely phenylcyanamide, 
chemistry using X-ray 
The coordination chemistry of the cyanamide group has not received a 
great deal of attention even though it possesses considerable potential 
for a very interesting ambidentate behaviour. In response to this 
potential this thesis has made an attempt to investigate the 
ambidentate nature of the phenylcyanamide monoanion and characterise a 
number of different coordination modes. The experimental approach has 
involved synthesising various series of copper complexes which 
incorporate different co-ligands and phenylcyanamides. The crystal 
structures of a number of copper(I) and copper(II) complexes have been 
determined using X-ray crystallography and are discussed in terms of 
the stereochemistries of the metal centres and 
characteristics of the phenylcyanamido group. 
the donor 
